Background: Academic medical centers are increasingly employing hospitalists to staff teaching wards. Although studies have demonstrated reduced lengths of stay (LOSs) associated with hospitalist care, it is unclear which patients are most likely to benefit. We sought to determine whether patients with specific diagnoses or discharge needs account for the association between hospitalist care and reduced LOS.
1
Hospitalist care has been associated with shorter lengths of stay (LOSs) [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] and lower costs 3, 4, 7, [9] [10] [11] [12] [13] [14] 16, 17 in a variety of settings, including after adjustment for physician experience. 18 This reduction in LOS has been demonstrated among patients admitted with pneumonia 9, 17 and congestive heart failure. 19 However, whether there are other specific patient diagnoses or discharge dispositions that seem to derive particular benefit from hospitalist care has not been firmly established.
The available data on clinical outcomes associated with hospitalist care are less consistent than the data on LOS. One study 11 noted a 33% decrease in inhospital mortality among patients on the hospitalist service, and this decrease remained significant at 60 days. However, these findings were confounded by nonrandom assignment to the hospitalist service and major differences between the treatment groups. 11 Another study, 14 in which assignment to the hospitalist service was without preference, found a statistically significant reduction in 30-day mortality in the hospitalist-treated group in the second year of the program, but included only 2 hospitalists. Despite these promising results, randomized studies with long-term follow-up of hospitalist vs nonhospitalist care are lacking.
Our primary objective was to determine which patient groups appear more likely to benefit from hospitalist care by comparing LOS and clinical outcomes (inhospital mortality, 30-day mortality, and readmission) between hospitalists and nonhospitalists. We compared the following 2 models of care: teaching hospitalist (fulltime faculty with no outpatient responsibilities) and nonhospitalist (full-or parttime faculty with no more than 2 months per year on the inpatient service). We hypothesized that hospitalist care would be associated with shorter LOS among pa-tients with specific diagnoses, levels of acuity (overall severity of illness), and discharge needs, without adversely affecting clinical outcomes.
METHODS

STUDY SETTING AND DATA COLLECTION
Montefiore Medical Center's Weiler Hospital is a 381-bed teaching hospital affiliated with the Albert Einstein College of Medicine. We extracted data on all discharges from the medical teaching service at Weiler Hospital for 2 years, from July 1, 2002, through June 30, 2004. Patients were assigned to a teaching hospitalist or nonhospitalist team in rotation at the time of admission by a senior admitting resident. Hospitalist and nonhospitalist teams are identical in every way other than type of attending physician conducting the rounds. Patients assigned to the nonteaching service were not included in this analysis.
Although team assignment appears random, concealed allocation did not occur. Rather, we used a quasirandomized study design.
2 Data on patient age, race or ethnicity, sex, insurance status, history of admissions, laboratory values, International Classification of Diseases, Ninth Revision (ICD-9) and diagnosis related group (DRG) codes, LOS, readmission, and inhospital mortality were extracted from a replicate of the Montefiore Medical Center's clinical information system (Emerging Health Information Technology, Yonkers, New York). The data replicate is merged monthly with the Social Security Death Registry, which allowed extraction of 30-day mortality rates after discharge. The institutional review board of the Montefiore Medical Center approved the study.
OUTCOME VARIABLES
The main outcome variables were LOS, readmission, and inhospital and 30-day mortality. Length of stay was analyzed as a continuous variable and, although not normally distributed, was reported as a mean (as has been done previously 5, 14, 15 ). Readmission was defined as an admission for any reason, within 30 days of discharge, to the Weiler Hospital or to the other Montefiore hospital, the Moses division hospital, and was analyzed as a dichotomous variable. In-hospital and 30-day mortality were analyzed as dichotomous variables.
INDEPENDENT VARIABLES
The major independent variable was the team assignment of each admission (teaching hospitalist vs nonhospitalist). In addition, we examined patient-and physician-level covariates for each admission. Patient-level covariates included demographic characteristics (age, sex, and race or ethnicity), insurance status, number of prior admissions within the previous 90 days, albumin value at the time of admission, diagnosis of diabetes mellitus (defined as an ICD-9 code of 250 at discharge), DRG weight, primary discharge diagnosis (ICD-9 code), and discharge disposition (home with self-care, home with services, or nursing home). Because the source of data was a clinical information system, independent variables used for adjusted analyses could only be those available on most of the patients. We used DRG weight as a surrogate for the overall severity of illness, as has been done previously, 14 because it was readily available on all patients. For length-ofstay analyses, we categorized DRG weight into quartiles, which represent levels of patient acuity. Albumin level at the time of admission was also used as a marker for overall disease severity, as has been done in earlier studies, [20] [21] [22] because it is available on most patients and is thought to be useful in the quantification of risk in research settings. 23 The ICD-9 codes were grouped into diagnosis clusters using the Healthcare Cost and Utilization Project of the Agency for Healthcare Research and Quality system. 24 Some of these diagnoses were further collapsed into clinical categories to make data reporting manageable (eg, neoplasm contains several Agency for Healthcare Research and Quality diagnosis classifications). For LOS analyses, only those diagnoses that were among the top 30 causes for hospitalization in the United States 25 were included, to ensure adequate numbers of patients in each category. The major physician-level covariate of interest was the annual number of months on the service. There was no crossover of attending physicians between groups (ie, nonhospitalists never became hospitalists or vice versa).
STATISTICAL ANALYSES
First, the 2 groups (teaching hospitalist vs nonhospitalist) were compared with respect to demographic and clinical characteristics using unpaired, 2-tailed t tests; Mann-Whitney tests; or 2 tests. Because DRG weight is not normally distributed, it is reported as a mean (using a t test with unequal variances for comparison between the groups) and as a median (using the Mann-Whitney test for comparison between the groups). Categorical variables are compared using 2 tests. Second, we calculated the Somers D statistic and used it as a rank-based test 26 to compare LOS between the groups, with standard errors robust to the clustering of patients within each physician. The analysis was repeated with and without truncation of LOS to the mean plus 3 SDs to assess the influence of outliers. Then, multivariate linear regression was used to compare LOS between the groups after adjusting for differences in demographic and clinical characteristics. For multivariate analyses, the variables for insurance and race or ethnicity were recoded into multiple dummy variables.
For the dichotomous outcomes of readmission and inhospital and 30-day mortality, we initially compared rates using 2 tests and then used multivariate logistic regression models to assess the effect of hospitalist care after adjusting for differences between the groups. Variables chosen for multivariate analyses included those that measured a significant difference between the groups (albumin level, DRG weight, and insurance); other variables were added, one by one, keeping those with a Wald statistic of P Ͻ.20. We calculated 95% confidence intervals using standard errors, which are robust to the clustering of patients by physician.
We used STATA statistical software, version 9.0 (StataCorp, College Station, Texas) for all statistical analyses and data manipulation.
RESULTS
PATIENT POPULATION
From July 1, 2002, through June 30, 2004, there were 9047 discharges from the teaching service at the Weiler Hospital. Significant data were missing for 10 hospital stays; thus, the study sample included 9037 discharges. This included 2913 discharges from teaching hospitalist teams (32.2%) and 6124 discharges from nonhospitalist teams (67.8%). The patient populations were similar with respect to age, sex, race or ethnicity, presence of prior admission, and mix of acute diagnoses. The teaching hospitalist group included more patients with Medicaid, a lower mean albumin level, and a lower mean DRG weight ( Table 1) .
LENGTH OF STAY
The mean±SD LOS was 5.01±6.12 days in the teaching hospitalist group vs 5.87±7.51 days in the nonhospitalist group (P=.02; Table 2 ). The reduction in LOS was still large and significant after adjustment for potential confounders (unadjusted reduction, 0.86 day [P = .004]; reduction adjusted for race or ethnicity, insurance, DRG weight, albumin level, and prior admissions, 0.78 day [PϽ.001]). There was a statistically significant negative linear association between LOS (in days) and the number of months the attending physician was on the service per year, with each extra month of service associated with a 0.19-day reduction in LOS (␤=−0.19 day per month of service [PϽ.002]).
To assess the influence of outliers on LOS, the analysis was repeated using the variable LOS truncated at the To assess the influence of patients returning with multiple admissions, the analysis was performed using only the first admission for each patient during the time period (n = 6883). This first-admission analysis also yielded significant reductions in LOS for teaching hospitalists vs nonhospitalists (4.96 vs 5.69 days [P=.04]).
LOS AMONG PATIENTS WITH SPECIFIC DIAGNOSES AND DISCHARGE DISPOSITIONS
To determine whether reduction in LOS is more pronounced among patients with specific diagnoses, level of acuity, or discharge needs, LOS data were analyzed after stratifying by clinical conditions, DRG weight, and discharge disposition ( Table 3) . Reductions in LOS associated with hospitalist care were most pronounced in patients with diagnoses of cerebrovascular accident (stroke), sepsis, asthma/chronic obstructive pulmonary disease, or urinary tract infection, without appreciable differences in LOS among patients with diagnoses of acute myocardial infarction, coronary disease without myocardial infarction, arrhythmia, or gastrointestinal tract bleeding. Lengths of stay were marginally shorter in patients with pneumonia (P=.13) and congestive heart failure (P=.06). The mean LOS was low for patients admitted with chest pain in both groups, but was slightly lower in the teaching hospitalist group (P=.04). Differences between hospitalists and nonhospitalists were significant in patients with lower overall acuity (DRG weight quartiles 1-3; mean difference, 0.49 day [P = .02]), but widened and remained significant in patients with the highest overall acuity (DRG weight quartile 4; mean difference, 1.95 days [P Ͻ .001]). Significant differences between groups were smaller in patients who were discharged home with self-care, widened when home services were required, and were largest when transfer to a nursing facility at the time of discharge was required.
READMISSION AND MORTALITY RATES
After adjustment for demographic and clinical characteristics, there were no differences between the groups for readmission, in-hospital mortality, or 30-day mortality ( Table 4) . In first-admission-only analysis, after adjustment, there were no differences between the 2 groups for readmission (odds ratio, 0.92; 95% confidence interval, 0.80-1.06), in-hospital mortality (odds ratio, 0.95; 95% confidence interval, 0.72-1.27), or 30-day mortality (odds ratio, 0.99; 95% confidence interval, 0.82-1.18).
COMMENT
Our experience with a teaching hospitalist service confirmed several now-familiar findings of hospitalist care, including shorter LOS for patients treated by teaching hospitalist teams. We further showed that teaching hospitalist care seems to have a stronger association with LOS in patients requiring specialized services on discharge, such as home care services or transfer to a nursing facility. We were able to measure discharge planning needs with the use of a separate discharge disposition code, which was assigned independent of billing at the time of discharge. We believe that the greater reduction in LOS associated with complex discharge planning reflects hospitalist skills in working with ancillary staff, such as social workers or discharge planners. In addition, we found that hospitalist care had the strongest association with LOS in patients with the highest acuity, as measured by the DRG weight. This important finding might help guide the use of hospitalist services, given that small numbers of patients at the highest acuity levels account for disproportionate numbers of total hospital days. 27 Hospitalist care had the strongest association with LOS in patients with specific diagnoses, including cerebrovascular accidents (strokes), congestive heart failure, pneumonia, sepsis, urinary tract infections, and asthma/ chronic obstructive pulmonary disease. These findings may reflect hospitalists' ability to closely monitor patients with dynamic conditions such as congestive heart failure, pneumonia, sepsis, urinary tract infections, and asthma/chronic obstructive pulmonary disease. The close monitoring and continuous presence offered by hospitalists may allow for earlier discharge because hospitalists are more likely to detect clinical improvement in real time and to make appropriate adjustments in treatment regimens. For patients with stroke, in particular, shorter LOS associated with hospitalist care may also reflect more effective attention to complex discharge needs such as rehabilitation services.
When we analyzed LOS by the number of months the attending physician spent on the service per year, we showed a statistically significant negative linear trend toward shorter LOS with increasing numbers of inpatient months. This suggests that extra inpatient experience is associated with even larger reductions in LOS and supports earlier findings that reductions in LOS with hospitalist care were greater 14 or became significant 11 in the second year of hospitalist programs.
In contrast to other analyses, the patients in our 2 groups were largely similar, but some differences persisted. Slightly sicker patients may have been assigned to teaching hospitalist teams because, at any given time, the existing census was likely to be lower for a teaching hospitalist team owing to the shorter LOS of their patients.
Despite the strengths of our study, it has some limitations. Similar to other studies of hospitalist care, the groups of attending physicians were small (5 teaching hospitalists and 54 nonhospitalists); thus, an individual outlier may have had a significant effect on the outcomes. Given the large number of diagnoses examined, the results of LOS for specific diagnoses need to be interpreted with caution. In addition, we had limited power to detect small differences in mortality rates. While it is reassuring that we did not find a statistically significant difference in readmission or mortality rates associated with hospitalist care, it would be erroneous to infer that there is no difference. Given our sample size and the event rates in the nonhospitalist group, and requiring a power of 80%, we found minimal detectable odds ratios of 1.18 for readmission, 1.38 for in-hospital events, and 1.24 for 30-day mortality. The strongest claim that can be inferred from this analysis is that if there is a difference in these outcomes with hospitalist care, it is likely less than these. Smaller differences in mortality rates would be detectable only with a larger sample. Finally, although our data were collected in 2002 to 2004, they reflect a practice in common use today, namely, hospitalists being used for inpatient teaching service in academic medical centers.
In conclusion, teaching hospitalist care was associated with reduced LOS on an academic teaching service, but not with increased readmission or mortality rates. We identified several patient groups in whom this association was particularly strong: patients who require close clinical monitoring, those in whom real-time adjustment of therapy is critical, those with high overall acuity, and those in whom complex discharge planning is necessary.
